In previous work (Vasey, Pocock, & VanderLaan, 2007) , we found that fa'afafine exhibit significantly higher avuncular tendencies than do Samoan gynephilic men. This difference was subsequently replicated, again in Samoa, using a larger, independent sample (Vasey & VanderLaan, 2008) . Fa'afafine had significantly higher avuncular tendencies even compared with childless gynephilic men, who, like fa'afafine, had no direct child-care responsibilities (Vasey & VanderLaan, 2008) . In addition, fa'afafine's avuncular tendencies are significantly higher than the materteral (i.e., auntlike) tendencies of Samoan mothers and childless women (Vasey & VanderLaan, 2009) .
A number of potentially interrelated proximate factors might account, in part, for why the avuncular tendencies of Samoan and Western androphilic males differ, despite the fact that all of the studies in question employed very similar methodologies (cf. Bobrow & Bailey, 2001; Rahman & Hull, 2005; Vasey & VanderLaan, 2008 ). First, Samoans often form large, extended families whose members live together or in closely situated dwellings. In addition, frequent and prolonged visits are routine among kin who are separated by a greater geographic distance (Mageo, 1998) . Second, Samoa is a collectivistic culture in which the individual's responsibility to the extended family is emphasized (Mageo, 1998) . Third, most fa'afafine enjoy a high level of acceptance within their families and within Samoan society in general. Estrangement of androphilic males from their families may be less likely in this type of cultural context than in the West (e.g., Croall & Wunderman, 1999; Vasey & Bartlett, 2007) . Fourth, almost all fa'afafine exhibit transgendered male androphilia, 1 a pattern that is widespread cross-culturally (e.g., Murray, 2000) . In contrast, androphilia is expressed among adult males in Western culture as egalitarian male androphilia, 2 which appears, with very few exceptions, to be a historically recent phenomenon that is rare outside a Western cultural context (e.g., Murray, 2000) .
In the present study, we examined whether certain adaptive psychological design features characterize fa'afafine's elevated avuncular tendencies. Humans have evolved, via kin selection, to preferentially allocate altruism toward close relatives (e.g., Daly, Salmon, & Wilson, 1997) . Consequently, kin nepotism should characterize all individuals, regardless of their sex, sexual orientation, or gender identity. We examined whether this pattern held for Samoan women, gynephilic men, and fa'afafine.
Unlike most Samoan women and gynephilic men, fa'afafine very rarely have children of their own. Consequently, genes for male androphilia may have persisted over evolutionary time because male androphiles have additional psychological adaptations for increasing their indirect fitness. We do not necessarily expect these additional psychological adaptations to be present in men and women whose life histories are (or will likely be) characterized by direct reproduction. Given this logic, we undertook further tests aimed at ascertaining whether male androphiles possess additional adaptive psychological mechanisms for increasing indirect fitness via elevated avuncularity.
Adaptive design implies complexity, economy, efficiency, reliability, precision, and functionality (Williams, 1966) . We reasoned that a potential by-product of elevated avuncularity might be elevated willingness to help nonkin children. However, in order to mitigate the fitness costs associated with such a by-product, fa'afafine's psychology should be designed to maximize the resources channeled toward avuncular activities while minimizing the diversion of resources to nonkin children. Therefore, fa'afafine should exhibit a level of avuncularity that is above and beyond any association that their avuncularity shares with their nonkin altruism. Further, although a positive correlation should exist between avuncularity and nonkin altruism, fa'afafine would be better able to optimize their indirect fitness if these two psychological domains were more dissociated (i.e., covaried less with one another) than in women and gynephilic men.
Method Participants
Data were collected during three separate field trips to Independent Samoa between September 2006 and August 2008. All participants were recruited through a network sampling procedure. This procedure involves contacting initial participants who display qualities of interest and then obtaining from them referrals to additional participants who, in turn, provide further referrals. The rate of participation for all groups was greater than 90%.
We collected data from 115 self-identified fa'afafine, 139 self-identified men, and 129 women. A total of 114 fa'afafine (99.1%) described their sexual feelings as exclusively androphilic (Kinsey rating = 6). One fa'afafine (0.9%) reported having most sexual feelings toward males, but an occasional fantasy about females (Kinsey rating = 5) . A total of 126 (90.7%) men described their sexual feelings as exclusively gynephilic (Kinsey rating = 0); 7 (5.0%) reported having most sexual feelings toward females, but occasional fantasies about males (Kinsey rating = 1); and 6 (4.3%) reported having most sexual feelings toward females, but some definite sexual feelings about males (Kinsey rating = 2). A total of 128 (99.2%) women described their sexual feelings as exclusively androphilic (Kinsey rating = 0), and 1 (0.8%) reported having most sexual feelings toward males, but occasional fantasies about females (Kinsey rating = 1).
Procedure and measures
All participants were interviewed using a standardized questionnaire. A Samoan-speaking research assistant was present during all interviews. The questionnaire employed was a modified version of a previously used Kin Selection Questionnaire (Bobrow & Bailey, 2001; and was composed of three sections. The first section contained biographical questions about age, sex, gender identity (i.e., fa'afafine, man, woman), sexual orientation (androphilic vs. gynephilic), highest level of education received (i.e., postsecondary, high school, junior high school, primary school or less), and annual income. Data on the participants' annual incomes were converted to American dollars. Sexual orientation was assessed using a Kinsey rating question (Kinsey, Pomeroy, & Martin, 1948) about sexual feelings experienced during the past year. All Samoans recognize that fa'afafine are biological males who are socially distinct from men and women. Nevertheless, for the sake of consistency, participants were told, prior to answering questions pertaining to the Kinsey scale, that the category "males" included men and fa'afafine, whereas the category "females" included women.
The second section contained a 9-item subscale, which was designed to measure avuncular or materteral tendencies toward nieces and nephews who lived nearby. Participants were asked about (a) babysitting for an evening, (b) babysitting on a regular basis, (c) taking care of the children for a week while their parents were away, (d) buying toys for the children, (e) tutoring one of the children in a subject they knew well, (f) helping to expose the children to art and music, (g) contributing money for day care, (h) contributing money for the children's medical expenses, and (i) contributing money for the children's education. The participants responded using a 7-point Likert-type scale that ranged from 1, very unwilling, to 7, very willing.
The third section of the questionnaire contained the same items and response scale, but asked participants to report their willingness to perform these activities for nonkin children who lived nearby; hence, this section measured altruistic tendencies toward nonkin children.
Results
We computed internal consistency (standardized item α) for each group (fa'afafine, gynephilic men, and women) on the Avuncular/Materteral Tendencies subscale and on the Altruistic Tendencies Toward Nonkin Children subscale. Reliabilities were high for all participant groups (see Table 1 ). A two-way mixed-model ANOVA on the subscale scores included group as a between-subjects factor and subscale as a within-subjects factor. Statistically significant main effects were observed for group, F(2, 380) = 4.01, p = .019, p rep = .93, η 2 = .021, and subscale, F(1, 380) = 379.62, p < .001, p rep > .99, η 2 = .50, but there was no statistically significant interaction between the two factors, F(2, 380) = 1.01, p = .37, p rep = .59, η 2 = .005. The lack of a statistically significant interaction seems to suggest that avuncular tendencies and altruistic tendencies toward nonkin children are not relatively dissociated among fa'afafine. However, it would be incorrect to make such a claim based on the outcome of this particular ANOVA model alone. As Wahlsten (1990) clearly demonstrated, tests of interaction effects are inherently associated with weakened statistical power, especially when strong main effects are observed, as is the case in this study. It is reasonable, then, to suspect that the test for interaction provided by the ANOVA model is weak, and the absence of an interaction is an instance of Type II error. We therefore analyzed our data in the manner recommended by Saville (1990) , who cogently argued that when predictions are made a priori, the most appropriate means of testing them and balancing the likelihood of Type I and Type II errors is to perform direct inferential tests. Two-tailed paired t tests confirmed that Avuncular/Materteral Tendencies scores tended to be significantly greater than Altruistic Tendencies Toward Nonkin Children scores for fa 'afafine, t(114) Finally, we examined the correlation between Avuncular/ Materteral Tendencies score and Altruistic Tendencies Toward Nonkin Children score within each group. These scores were significantly positively correlated for fa'afafine (n = 115, r = .25, p = .007, p rep = .96), gynephilic men (n = 139, r = .40, p < .001, p rep > .99), and women (n = 129, r = .46, p < .001, p rep > .99). The magnitudes of these correlations were compared using Fisher's r-to-Z transformation. The correlation between these variables was significantly weaker among fa'afafine than among gynephilic men (z = -2.78, p = .005, p rep = .97) and women (z = -3.69, p < .001, p rep > .99). There was no statistically significant difference between gynephilic men and women with respect to the magnitude of the correlation between these two variables (z = -1.00, p = .32, p rep = .62).
Discussion
Previous research has demonstrated that the avuncular tendencies of Samoan fa'afafine are significantly higher than the materteral tendencies of Samoan women and the avuncular tendencies of Samoan gynephilic men Vasey & VanderLaan, 2008 ). These findings are consistent with the kin selection hypothesis for male androphilia, which suggests that androphilic males may have been selected over evolutionary time to act as "helpers-in-the-nest," caring for nieces and nephews and, by extension, increasing their indirect fitness. To more thoroughly assess this possibility, the present study examined whether adaptive design features characterize the psychological mechanisms underlying fa'afafine's elevated avuncular tendencies.
Given that all individuals have evolved, via kin selection, to preferentially allocate altruism toward close relatives (Daly et al., 1997) , it was not surprising to find that the avuncular/ materteral tendencies of Samoan fa'afafine, women, and gynephilic men were all significantly higher than their altruistic tendencies toward nonkin children. These three groups did not differ in their lower altruistic tendencies toward nonkin children. More important, compared with women and gynephilic men, fa'afafine exhibited significantly higher materteral/ avuncular tendencies even when we statistically controlled for the effects of altruistic tendencies toward nonkin children. Taken together, these results indicate that the fa'afafine's elevated avuncular tendencies cannot be explained in terms of a generalized altruistic interest toward any and all children, regardless of whether these children are kin or nonkin.
Next, we undertook a previously unexamined test of adaptive psychological design by assessing whether fa'afafine exhibited a cognitive dissociation between avuncular tendencies on the one hand and altruistic tendencies toward nonkin children on the other. We reasoned that the existence of such a cognitive dissociation would allow fa'afafine to allocate resources to nieces and nephews in a more economical, efficient, reliable, and precise manner. To our knowledge, the kin selection hypothesis provides the only theoretical framework from which this prediction would be made a priori. In line with our predictions, all three groups exhibited a significant positive correlation between their avuncular/materteral tendencies and their altruistic tendencies toward nonkin children. These correlations raise the possibility that a potential by-product of elevated avuncularity/materterality is elevated willingness to help nonkin children. Nevertheless, these two cognitive domains were significantly more dissociated (i.e., less predictive of one another) in fa'afafine, compared with women and gynephilic men, who did not differ from each other for this correlational measure. These group differences are consistent with the conclusion that selection has favored the relative isolation of these two psychological domains in androphilic males. Thus, fa'afafine appear to have adaptively designed psychological mechanisms, which would contribute toward the optimization of their avuncular tendencies and, by extension, their indirect fitness.
Previously, we have demonstrated that elevated avuncular tendencies in fa'afafine are not a by-product of increased femininity (Vasey & VanderLaan, 2009) or lack of parental care responsibilities (Vasey & VanderLaan, 2008) , and here we have demonstrated that these tendencies are not a by-product of general interest in helping any and all children. Thus, much of our work has refuted alternatives to the kin selection hypothesis as explanations for fa'afafine's elevated avuncularity. The present study is the first to test and support a more refined theory describing how androphilic males' avuncular cognition should be designed if it is the adaptive product of past selection over evolutionary time (i.e., it should be relatively dissociated from altruism toward nonkin children). Establishing that a given trait is an adaptation involves repeatedly satisfying adaptive-design criteria empirically while ruling out alternatives (Buss, Haselton, Shackelford, Bleske, & Wakefield, 1998) , and the current study is in line with this approach. Although it remains possible that the fa'afafine's avuncular cognition is not an adaptation, ours is the fourth study, to date, that is consistent with the conclusion that selection has favored the evolution of elevated avuncularity in Samoan androphilic males.
If an increased tendency toward avuncularity is the sole factor responsible for the evolution and maintenance of male androphilia, then androphilic males' avuncularity would have to be sufficient to compensate for the fitness costs associated with failing to reproduce. In theory, to compensate for every offspring that he failed to produce, an androphilic male would need to facilitate the production of (on average) two additional nieces or nephews who would not otherwise have existed (Hamilton, 1963) . From this perspective, it seems that androphilic males would have to be "super" uncles, dispensing a much greater quantity of avuncular behavior so that their inclusive fitness would be on par with that of gynephilic men. Consequently, some researchers have expressed doubt that kindirected altruism as expressed by androphilic males in realworld situations could ever be sufficient to completely offset the costs associated with not reproducing (e.g., Bailey, 2003) .
Nonetheless, the fa'afafine's avuncularity may contribute, in part, to the fitness of genetic factors underlying male androphilia. Research conducted on Western populations has shown that the female maternal relatives (e.g., mothers, grandmothers, aunts) of androphilic men exhibit greater fecundity than the female maternal relatives of gynephilic men (e.g., Camperio Ciani, Corna, & Capiluppi, 2004; Iemmola & Camperio Ciani, 2009; Rahman et al., 2008) . Similarly, research conducted in Samoa has repeatedly shown that the mothers of fa'afafine are significantly more fecund than those of gynephilic men VanderLaan & Vasey, in press ). These findings raise the possibility that the reproductive costs associated with genes for male androphilia may be offset by increased reproductive success among the female kin of male androphiles. From this perspective, male androphilia could be conceptualized as a by-product of an adaptation for increased female fecundity. By-products of adaptations are not under direct selection, but rather evolve in association with particular adaptations because they happen to be coupled with those adaptations (Buss et al., 1998; Gould & Vrba, 1982) . In such a situation, avuncularity among male androphiles could potentially further facilitate reproduction by female kin and thereby have positive "effects" on the genetic factors for both increased fecundity in females and, by extension, its conjectured by-product, male androphilia. (Williams, 1966 , invoked the term "effect" to designate the fortuitous operation of a useful trait not built by selection for its current role.)
If humans have indeed evolved, via kin selection, to preferentially allocate altruism toward close relatives (e.g., Daly et al., 1997) , kin nepotism should characterize all individuals, regardless of their sex, sexual orientation, or gender identity. However, markedly elevated avuncularity, such as that observed among fa'afafine, might result in distinct fitness advantages that could form a unique basis on which selection might act. If so, then the cognitive underpinnings mediating avuncularity in male androphiles may have undergone secondary adaptive modification. Clearly, more research will be necessary before strong claims can be made about the evolutionary basis of fa'afafine's elevated avuncularity or their androphilic orientation.
In analyzing our results, we were struck by the discrepancies between our work and studies conducted in Western nations, which have not found support for the kin selection hypothesis for male androphilia (Bobrow & Bailey, 2001; Rahman & Hull, 2005) . It is noteworthy that Bobrow and Bailey (2001) themselves questioned the validity of testing the hypothesis in Western societies that are highly individualistic and homophobic, and in which kin are often geographically dispersed over large distances. The social environments that characterize Western cultures may not be representative of the context in which male androphilia evolved (for discussion, see . Consequently, although empirical evidence supporting the kin selection hypothesis for male androphilia is lacking in Western cultures, it is conceivable that the hypothesis is correct and that an avuncular male androphilic phenotype indeed exists, but that Western social environments are not conducive to its development. In the absence of a social context that approximates a trait's environment of evolutionary adaptiveness, a functional expression of the trait may simply not be manifest.
Previous attempts to test the kin selection hypothesis for male androphilia in Western cultures have compared groups (i.e., androphilic vs. gynephilic males) for individual cognitive domains (e.g., avuncularity) that have been considered in isolation (Bobrow & Bailey, 2001; Rahman & Hull, 2005) . By examining the relationship between relevant variables (i.e., avuncularity/materterality and altruism toward nonkin children) within individuals, as we have done here, one can control, in part, for confounding influences, including factors such as homophobia, that may mitigate Western androphilic males' willingness to help kin. The relationship between these cognitive domains may be less affected by confounding influences (e.g., homophobia) than are the individual cognitive domains themselves. Consequently, examining group differences in the relationship between cognitive domains may provide a superior means of testing the kin selection hypothesis for male androphilia in Western cultural settings. It would be interesting to ascertain whether the previously documented differences in androphilic males' avuncularity in Western and non-Western societies disappear when one uses this alternate methodology.
Notes
1. Transgendered male androphilia occurs between a male who is markedly gender atypical and another who is more or less gender typical for his own sex. 2. Egalitarian male androphilia occurs between two males not markedly different in age, gender-related characteristics, or other traits. Within the relationship, partners do not adopt social roles, and they treat each other as equals.
